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CLIMATE CHANGE AND COMMUNICABLE DISEASES
Strengthening the global response to climate change and infectious
disease threats
Climate change is emerging as an important driver of disease incidence, and a wait and see approach
invites unnecessary risk, write Jeremy Hess and colleagues. Governments, funders, researchers,
and practitioners must act now
Jeremy Hess, 1 Laura-Lee G Boodram, 2 Shlomit Paz, 3 Anna M Stewart Ibarra, 4 Judith N Wasserheit, 5
Rachel Lowe6, 7
Global health leaders have identified climate change
as the greatest health challenge of the 21st century.1
Impacts on infectious disease are a particular
concern: there is growing evidence that some of the
greatest health impacts of climate change are, and
will continue to be, on the emergence, re-emergence,
and spread of infectious diseases.2 For at least two
decades, global assessments have highlighted the
need to reduce greenhouse gas emissions3 4 and to
invest more substantially in climate and health,
including surveillance, preparedness, and
response.5 -7
The global health response has largely been
characterized by scepticism and watchful inaction.
The world’s largest global health funders, including
the US National Institutes of Health (NIH)8 and the
Bill and Melinda Gates Foundation (BMGF), still lack
specific climate and health programming, let alone
programming focused on climate change and
infectious diseases. Climate change remains a
vanishingly small element of the portfolio of funders
like the European Commission and the Wellcome
Trust that have stepped into the breach. Funding for
training, research, and practice related to climate
change and infectious disease has been limited
accordingly.
This is partly because the evidence is difficult to
parse.9 The rationale for an association between
climate change and infectious disease is clear, and
mosquito-borne pathogens, particularly malaria and
dengue, are of particular concern10 11 given
established climate sensitivities of vector
populations.12 13 But evidence of major impacts of
climate change on communicable disease has been
somewhat limited. The relative importance of climate
variability and change has been difficult to evaluate
among drivers of disease incidence such as
globalization, urbanization, migration, land use
changes, poverty, vector-pathogen characteristics,
and control measures.14 In recent years, the world
has seen substantial declines in many prevalent
infectious diseases, including malaria, yellow fever,
lymphatic filariasis, schistosomiasis, onchocerciasis,
Chagas disease, and African trypanosomiasis,15
indicating that other drivers have obscured any
climate change contribution to disease incidence.
Gaps in the evidence base
Rulingout climate changeas akeydriver of infectious
disease risk is premature, however, for several
reasons. First, our evidentiarydatabase is incomplete.
Some areas that have experienced substantial shifts
in climate (such as areas of Africa and the Middle
East) are under-represented in the evidence base,
which limits conclusions about climatic influences
in certain regions.16 Second, there is limited research
on the role of interannual climate variability, which
is important for many infectious diseases with a
marked seasonal component. Third, insufficient
attention has been paid to the effects of increasingly
frequent and severe extreme weather events, which
have a known association with infectious disease
outbreaks.1718 Aprecautionaryapproachwouldargue
for more research, at a minimum, to settle any
remaining doubts.
In addition, interactions between climate change and
other infectious disease drivers seem to be
accelerating. Over two thirds of human infectious
diseases are zoonotic, causing widespread morbidity
and mortality.19 Zoonotic disease spillover is
determined by interactions between humans and
natural systems.20 Increasingly widespread
disruption of landscapes and biodiversity, through
deforestation andagricultural development, changes
socio-ecological systems and forces humans, vectors,
livestock, and pathogens into increasingly closer
contact.21 For example, land use and land cover
changes, in parallel with temperature increase, may
contribute to the spread of leishmaniasis by
moderating vector activity.22 23 This, combined with
unplanned and precarious urbanization, increasing
global connectivity via international travel and trade,
and climate variability, can allow invasive vectors
and novel pathogens to spread widely, with the
potential for transcontinental pandemics with
devastating public health, social, and economic
consequences.24
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Thedetection andattribution of climate change effects on infectious
diseases is challenging,25 but substantial progress has been made.
Climate change is emerging as an important driver in several cases.
Dengue incidence, for example, has risen sharply over recent
decades, and prior consensus has held that climate change is just
one of many contributing factors.26 But recent analyses indicate
that climate change has had a more decisive role27 and that climate
change couldhave similar effects on othermosquito-borne diseases
in some regions.28 Other analyses have implicated climate change
in the increasing incidence of diseases like Lyme and tick-borne
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encephalitis.29 30 Notably, this evidence has arisen from groups
based in regions with more access to climate change and health
research funds.
Other signs of increasing effects of climate change on infectious
disease are emerging. For example, malaria incidence is increasing
in the highlands of Colombia and Ethiopia,31 Lyme disease is
expanding its range northward as the climate warms,29 32 and
arboviral diseases are extending from the tropics into temperate
regions globally.33 In Europe, climate change has facilitated the
spread and establishment of West Nile virus in new regions.34 There
are also signs that the autochthonous spread of some infectious
diseasesmaybe facilitatedby climatic changes increasing ecological
suitability (the availability of niches suitable for vectors and
pathogens)35 and vectorial capacity (the ability of the vector to
transmit the disease) in multiple settings.36 37 Emerging evidence
reinforces concern for the future due to projected warming,
urbanization, and global connectivity,38 including large parts of
Europe and Eurasia.39
The steady acceleration of climate change emphasizes the need for
a more active posture to take advantage of response options while
they are still available. Climate change is accelerating and
ecosystems are nearing dangerous tipping points,40 -42 promoting
infectious disease transmission through multiple pathways. One
common pathway is increased transmission of zoonotic diseases
between wildlife and domesticated animals.43 Other pathways
involve ecosystem changes. In wetland ecosystems, for example,
heat and drought conditions may lead to water bodies shrinking
and organic matter becoming more concentrated (eutrophication).
Such conditions favour Culex pipiens, the main vector of West Nile
virus.44 The acceleration of these trends has the potential to
constrain the range of response options we have at our disposal.45
Finally, climate change is likely toworsen infectiousdisease impacts
by increasing sequelae and complicating control efforts. Climate
change is expected to worsen food security and nutritional status,46
limiting host ability to recover from infectious diseases and
worsening sequelae. Migration, in response to increasingly scarce
resources—suchaswater andarable land—and to sea levels rising,47
is also likely to create fertile conditions for infectious disease
outbreaks that confound conventional control strategies.
Increasing resilience inglobal infectiousdiseasepractice
A wait and see approach to climate change and health is short
sighted and invites unnecessary risk. Based on the weight of the
evidence and established calls for specific actions, we recommend
key, “low regrets” strategies to reduce health risks associated with
climate change by improving the ability to anticipate and engage
infectious disease risks effectively.
Reduce carbon footprint
Globally, the health sector emits 4% of the world’s greenhouse
gases, more than aviation or shipping,48 sectors that have been
scrutinized for their climate change contributions. To limitwarming
to 1.5ºC without carbon removal from the atmosphere, emissions
from all sectors need to decline to zero by 2050,49 moving well
beyond commitments made in the Paris Agreement. Health sector
emissions are driven principally by domestic energy system
intensity, the carbon intensity of the domestic economy, and
demand for health services.48 Major reductions in the health sector
are feasible and consistent not only with maintaining but also
advancing population health. The UK National Health Service is
working to reduce its greenhouse gas emissions by 80% from a 1990
baseline by 2050. Strong advocacy from the health sector to reduce
carbon emissions is thus one of the more important levers for
reducing its own carbon footprint, as is investment in energy
efficiency in procurement and operations.50 51 These investments
are consistent with the sector’s mission: Mitigation activities have
well establishedbenefits for health,52 53 including reducedpollution
exposure and less obesity throughhealthier diets andmorewalking
and cycling. Other efforts are needed, as well. The health sector has
been slow to divest from fossil fuels and should lead by
example.3 54 55 Climate change mitigation in healthcare systems
must be adopted universally to achieve collectively endorsed
mitigation targets, and help for poorer countries for greening their
health sectors should be part of this commitment. A by-product of
responses to the covid-19 pandemic has been reduced emissions of
greenhouse gases and other harmful co-pollutants.56 While they
hold the world’s attention, health systems can work to leverage
these temporary reductions through the mechanisms mentioned
above and seize the opportunity to promote further greening during
recovery efforts.57
Increase funding for climate and health
Nations should acknowledge and invest in strategies to further
elucidate links and tackle climate relatedhealth risks. Thediscipline
of climate and health has been systematically deprived of funding
for training, research, and other activities, including development
and testing of interventions.8 There is a conspicuous lack of
investment in climate and health from major global health funders
including the BMGF and the NIH. Although funders such as the
Wellcome Trust have tentatively engaged climate and health
programming, their investments have been relatively timid in
ambition and limited in scope. The Belmont Forum has recently
prioritized climate and health, but direct funding from health
agencies is limited, and funds cannot be spent in the countries most
affected despite their lack of contribution to the underlying problem
and need for capacity.58
Recent years have seen some positive developments, including
investments from the European Union and other international
agencies in the Caribbean region for climate and health initiatives.
This was spurred by regional advocacy and recognition of the high
vulnerability of health systems inCaribbean small islanddeveloping
states, particularly to climate related disasters. Nevertheless,
investment is directed principally towards infectious disease
diagnostics and therapeutics to tackle negative health outcomes.
Investigating and tackling climate change health effects and
greening global health practice are afterthoughts, despite the
potential for climate change to undermine the global health gains
of recent years.
Frame the problem with a transdisciplinary lens
Framing is important to characterizing problems and identifying
response options. Several interdisciplinary and intersectoral
concepts have been proposed to offer a more proactive and holistic
framework for tackling global health threats, such as ecohealth,
onehealth, planetaryhealth, planetary epidemiology, andplanetary
wellbeing.59 60
These concepts share the notion that the health of humans, plants,
andanimals and theplanet is inextricably linked.Other frameworks
have identified the central importance of social determinants of
health.61 62 All of these frameworks reflect the fundamental
importance of multiple sectors and disciplines coming together to
improve health and wellbeing and the potential for working at
cross-purposes when sectors do not work together.
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These concepts havebeen embracedbut not fully realized, as noted
elsewhere in this collection. Transdisciplinary teams can learn to
design more robust surveillance systems, develop innovative
methodologies (such as quantifying and communicating model
uncertainty and performing forecast verification) and effective
communication strategies for target audiences on international,
national, and city levels. Such teams could also bring in climate
scientists and meteorologists to satisfy the longstanding suggestion
for a merged community of practice.63 64
A broader frame could also lead to coupled action: efforts to reduce
infectious disease effects such as mosquito net distribution could
be linkedwith efforts to electrify villages, facilitating climate change
mitigation and reducing population susceptibility to multiple
hazards at the same time.
Incorporate environmental information into public health
practice
The global response to climate change and its effects needs better
information to support decision making. The past decade has seen
progress towards integrating climatic data into the surveillance of
infectious diseases. The Global Framework for Climate Services
provides guidance on how to bring climate information into the
mainstream of health sector activities.
Because this hasnot beenbroadly adopted inpublic healthpractice,
however, many shortfalls still exist, including the lack of
harmonization in the collection of climate and health data needed
to informclimate adaptive responses. IntegratingEarthobservations
(from satellites, weather stations, or drones, for example) and local
environmental observations (suchas fromcitizen science initiatives)
into burden of disease estimates and disease surveillance activities
could allow for the early detection of anomalies and facilitate
pre-emptive actions.
Recognising the utility of the Global Burden of Disease (GBD) study
and leveraging experience from that effort, the global health
community could come together to pursue a major synthesis in
environmental and health data, for example an effort to link GBD
data with data on ecosystem health and services. The Lancet’s
Countdown on Health and Climate Change gestures towards such
an analysis,54 but there is potential for more substantial
interdisciplinary collaborations, including interactionswith policy
makers. Leaders from the health community, including those from
the GBD study, have emphasised the importance of such expanded
efforts.65
These initiatives will need to quantify and characterise exposure,
vulnerability, and risk for populations and health systems, identify
and track key effects on population health over time, and attempt
to identify the climate change components of infectious disease
systems, among other health risks resulting from the changing
climate, to help inform adaptation, mitigation, and surveillance
strategies. These efforts will need to be well crafted, because
effective transdisciplinary approaches rely on early, strong
partnerships among diverse scientific experts and stakeholders
(including policy makers, the private sector, and civil society) to
ensure that the outcomes are relevant in guiding and informing
actions. Relevant examples of successful efforts include several
assessments of national vulnerability and adaptation, national
adaptation plans for health, assessments of city climate risk, and
projects using available adaptation funding. The Middle East
Consortium on Infectious Disease Surveillance, for example,
highlights the potential for regional collaborations.
Invest in decision support modeling tools and communication
Established effective global health practices should be retainedbut
need to be integrated with other strategies to support management
decisions. Computationalmodels canhelpdisentangle andquantify
the role of multiple infectious disease transmission risk factors,
including climatic and environmental factors, human mobility,
socioeconomic status, asymptomatic infections, and background
immunity.
Predictive modeling has the potential to help decision makers
understand where infections will emerge or spread or when future
epidemics might occur. Outbreak predictions that use seasonal
climate forecasts can prepare public health systems months in
advance of a period of heightened risk of disease outbreaks,
particularly in areas sensitive to large scale climate phenomena,
such as the El Niño Southern Oscillation.18 54
Combining novel data streams, including seasonal forecasts and
local seroprevalence data, in early warning systems could improve
predictions of the timing and magnitude of outbreaks of multiple
diseases.65 Modelingapproachesandprocesses for evaluating future
climate change effects on infectious disease must be co-designed
in partnerships involving public health climate practitioners and
aligned with local priorities and capacities to identify the most
appropriate spatial resolution and tackle cross scale problems.13
Supporting uptake of findings from these efforts is also important.
A key component of effectivemodel communication is the provision
of user friendly interfaces to openly share and visualize results and
to provide access to modeling architecture to allow for scrutiny and
reproducibility.63 Educating policy makers and other stakeholders
regarding modeling processes and interpretation of findings is also
essential.55 64 Challenges related to interpreting modeling results
have been apparent in the covid-19 response, with software
engineers, decision makers, and the public calling for more
transparent sharing of evidence used to inform vital decisions, and
policy makers struggling to interpret seemingly disparate
recommendations based on different model outputs. Looking
forward, funders need to consider data science and software
engineering as key components of any scientific tool kit and
transdisciplinary epidemiological taskforce.
Build human capacity in data management, integrated
surveillance, and leadership
Additional investment for incorporating climate considerations into
global healthpractice, if andwhen it comes, should support training
to maximize the effectiveness of programmatic investments.
Although the discipline has continued to make halting progress,
awareness remains low among the public health community of
climate related epidemiological and assessment tools.35 We
recommendupdatedandexpandedhealthprofessional educational
programming. Sustained funding is essential for risk assessment,
intervention development, programme evaluation, and
implementation; for training the next generation of climate and
health leaders to facilitate the requisite interdisciplinary
collaborations; for maintaining longer term projects for sustained
impact and learning about implementation strategies.
In addition, funders should prioritize support for surveillance that
incorporates environmental information and skills training for
interdisciplinary practice.66 For example, easy to implement, low
cost actions might include integrating weather data collection with
malaria surveillance.52 A recent study in the Caribbean67 found that
technical expertise in statistics, data science, and geographic
information systems in thehealth sector needed to be strengthened
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to interpret basic climatic informationand integrate this information
into a health early warning system. At the same time, climate
practitioners need a better understanding about the decision
priorities and needs of the health sector to be able to provide
relevant bespoke and useful climate indicators. An early warning
system requires an integrated approach that cuts across research,
health and climate operations, data and knowledge sharing
platforms, outreach and education, and in country response
activities. There are challenges to interdisciplinary design and work
of this sort, including the need to develop shared language,
perspective, and methods,64 and future funding should recognise
these concerns. Such climate resilience actions should leverage and
engage with other global health innovations that aim to reduce the
burden of infectious diseases such as the development of rapid,
accurate, low cost diagnostics; novel therapeutics and vaccines;
innovative vector control and surveillance tools; and community
education and social mobilization via social media.
Call to action in global health practice
Global health has been defined as “an area for study, research, and
practice that places a priority on improving health and achieving
equity in health for all people worldwide . . . [that] emphasises
transnational health issues, determinants, and solutions; involves
many disciplines within and beyond the health sciences and
promotes inter-disciplinary collaboration; and is a synthesis of
population-based prevention with individual-level clinical care.”68
The global health community has many actors that pursue this
common agenda, including multilateral organizations; funders,
including governments and foundations; non-governmental
organizations; researchers; and practitioners. Action on climate
and health, called out as an increasingly urgent priority by the
World Health Organization (WHO), the Intergovernmental Panel
on Climate Change (IPCC), and 197 signatories to the Paris
Agreement, is squarely in the domain of global health, including
its primary funders, organizations, and partners. Yet the calls of
these multilateral organizations and governments have, in most
cases, been met with a tepid response by global health funders and
practitioners.
The covid-19pandemichas taughtus the consequences of unheeded
warnings, and similar effects, drawn out over a much longer
timeframe, are increasingly likely as a result of years of inaction on
climate and health. There is now increased attention on the
importance of core public health systems and the global conditions
that lead to disease emergence and pandemic spread. This is an
opportunity for the global health community, particularly its
funders, researchers, and practitioners, to better align with WHO
and IPCC in their calls for action on climate and health and usher
in a new age in global health practice. The climate is changing
rapidly, time is short, and options are increasingly limited: strong
action must be taken now.
The global health community of governments, particularly the G20,
and funders, particularly leaders including theNIH, theBMGF, and
the Wellcome Trust, must seize the moment and take up the
recommendations from WHO, the IPCC, and increasingly vocal
members of the global health research and practice communities
to prioritize equity, efficiency, and sustainability,53 including
vigorous actionon climate change and infectious disease. Toprotect
hard won gains, the global health community needs to recognize
its shortcomings, broaden and expand its perspective, assume a
proactive posture, and intensify its activity. Our vision is for a
sustainable, proactive newage in global health, inwhich it expands
its frame, leads by example, works with partners from other
disciplines, invests in new skill development and interventions,
and is resilient to extreme events, shocks, and large population
movements.
A reorientation of global health practice requires input and
engagement fromall of its actors. Development andhealth agencies
need to incorporate recommendations for changing priorities and
practice. Funders—particularly the BMGF, which has a
disproportionate effect on information flow and priority setting
through its support of the GBD study—have an important role to
play in framing the problem, promoting transdisciplinary
approaches, and increasing transparency and accountability.
Opportunities to expandcurrent efforts to incorporate climate action
abound. Assessments of action on the sustainable development
goals (SDGs) and their health impacts,6970 for example, could easily
expand to incorporate climateaction.Bothgovernments and funders
have important roles in prioritizingdecarbonization in global health
programming, practice, and research, including efforts to green
global health supply chains and reduce health sector carbon
intensity. Practitioners have a role to play as well, by demanding
that investment in transdisciplinary training and data integration
become routine and creating pathways for career development in
climate and health.
Health organizations including ministries and large
non-governmental actors should engagewith scientists fromvarious
disciplines (such as climatology, ecology, social sciences, biology,
modeling) to design and prioritize policy oriented research,
including strengthening and evaluating adaptation of the health
systems. This involves greening our own practice; investing in
substantial, durable interdisciplinary activities and effective data
sharing; breaking down informational and disciplinary silos;
wrestlingwith complex issuesbeyonddiagnostics and therapeutics;
and supporting decisions that reduce health risks across multiple
sectors. This will take substantial, sustained investment;
development of new training pathways; support of new data
streams; and commitment to working with stakeholders, including
communities and policy makers.
Global health needs to think more holistically and act more
comprehensively.Weknowwhat challenges climate changebrings
and how to respond. Now we need the will.
Key recommendations
• Prioritize decarbonization in the health sector and global health
practice
• Increase funding for climate and health research and practice
• Encourage a transdisciplinary approach and support interdisciplinary
activity
• Incorporate environmental information into public health practice
and assessments
• Invest in decision support modeling tools and communication
• Build human capacity in data management, integrated surveillance,
and leadership
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